
What is claimed is: 




1 . An integrates circuit testing apparatus, comprising: 

a first test circuit operable to produce a first signal for determining at least one of an 
operating reference signal of said integrated circuit and a substrate coupling effect on a 
plurality of components witnin said integrated circuit; 

a second test circuit operable to produce a second signal for determining at least one 
of a cross-talk effect on said pf^irality of components and the accuracy of an interconnect 
capacitance extraction value; 

a third test circuit operal3Je to produce a third signal for determining at least one of an 
effect of system noise on the operational speed of said plurality of components and a 
maximum degradation expected fc«- a logic path within said integrated circuit; and 

a fourth test circuit operable to produce a fourth signal for determining an effect of 
power supply noise on a signal propagation delay within said integrated circuit. 
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2. The apparatus of claim 1 wherein said first test circuit further comprises a first 
ring oscillator, said first ring oscillator\being routed to mimic a data path within said 
integrated circuit and being powered b>\an external power supply. 
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3. The apparatus of claim 1 wherein said second test circuit further comprises a 
second ring oscillator, said second ring oscillator being routed within a core logic area of said 
integrated circuit and being powered by an external power supply. 



4. The apparatus of claim 1 whereift said third test circuit further comprises a third 
ring oscillator, said third ring oscillator beina randomly located within a core logic area of 
said integrated circuit and being powered by ap external power supply. 

5. The apparatus of claim 1 wherein said fourth test circuit further comprises a fourth 
ring oscillator, said fourth ring oscillator being routed to mimic a data path within said 
integrated circuit and sharing a power supply withVa core logic area of said integrated circuit. 



6. An apparatus for dynamically testing an integrated circuit, saidiBteggatgaTircuit 
having a core logic area with a plurality of compo|fentsthgesififtHe apparatus comprising: 

a first test circuit having a first pluraJiiy*raellment^connected by a first plurality of 
traces, said first plurality of elepjeif^and said firsflfluranty of traces routed to mimic a data 
path within said integ]»f(63circuit; 
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a second test circuit having a second plurality of elements connected b/a second 
plurality of traces, said second plurality of traces being routed within said cofe logic area; 

a third test circuit having a third plurality of elements connected ma third plurality of 
traces, said third plurality of elements being randomly located within saia core logic area; and 

a fourth test circuit having a fourth plurality of elements connected by a fourth 
plurality of traces, said fourth plurality of elements and said fourthjplurality of traces routed to 
mimic a data path within said integrated circuit. 

7. The apparatus of claim 6 wherein said first test ci^uit is operable to produce a first 
signal used to determine at least one of an operating reference signal for said integrated circuit 
and a substrate coupling effect on said plurality of comnpnents. 



8. The apparatus of claim 6 wherein the second test circuit is operable to produce a 
second signal used to determine at least one of a cross-talk effect on said plurality of 
components and the accuracy of an interconnecf capacitance extraction value. 



9. The apparatus of claim^ wherein said third test circuit is operable to produce a 
third signal used to determine ajf least onie of an effect of system noise on the operational 
speed of said plurality of con^onents^d a maximum degradation expected for a logic path 
within said core logic area. 

10. The apparatus of claim 6 wherein the fourth test circuit is operable to produce a 
fourth signal used to determine^an effect of power supply noise on a signal propagation delay 
within said core logic area^ 




1 1. The apparatus of claim 6 wherein said first test circuit, said second test circuit, 
said third test circuit^pnd said fourth test circuit are ring oscillators. 

12. The apparatus of claim 1 1 wherein said first plurality of elements, said second 
plurality of elenaents, said third plurality of elements, and said fourth plurality of elements 
include at least one of an inverter, a logic gate, and a divider. 

1 3 /The apparatus of claim 6 wherein said first test circuit, said second test circuit, 
and said third test circuit are powered by an external power supply. 
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14. The apparatus of claim 6 wherein the fourth test circuit shares a po\^^ supply 
with at least one of said plurality of components within said core logic area. 

15. The apparatus of claim 6 wherein said first test circuit is locat^ within a 
reserved area of said integrated circuit. 

16. The apparatus of claim 6 wherein at least one of said SjSond plurality of elements 
is located within a reserved area of said integrated circuit. 

17. The apparatus of claim 6 wherein said fourth tesrcircuit is located within a 
reserved area of said integrated circuit. 

18. An integrated circuit, comprising: 
a core logic area having a plurality of components therein; 
a first test circuit constructed to mimic a ^ta path within said core logic area; 

a second test circuit constructed with a plurality of traces routed within said core logic 
area; ^ I 

a third test circuit constructed ^th a^)luralitW)f elements randomly placed within 
said core logic area; and I n^,^^ 

a fourth test circuit constructed romiimic a data path within said core logic area, said 
fourth test circuit sharing a power sou£ce with at least one of said plurality of components 
within said core logic area. 



19. The integrated circuit of claim 18 wherein said first test circuit is operable to 
produce a first signal for detemiining at least one of an operating reference signal of said 
integrated circuit and a substrate coupling effect on said plurality of components. 
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20. The integrated circuit of claim 18 wherein said second test circuit is operable to 
produce a second signa^used for determining at least one of a cross-talk effect on said 
plurality of components and the accuracy of an interconnect capacitance extraction value. 



21. The integrated circuit of claim 18 wherein said third test circuit is operable to 
produce a third si^al used to determine at least one of an effect of system noise on the 
operational speeaof said plurality of components and a maximum degradation expected for a 
logic path within said integrated circuit. 



18 



22. The integrated circuit of claim 1 8 wherein said fourth test circuit is ope^ble to 
produce a fourth signal used to determine an effect of power supply noise on a Sj^al 
propagation delay within said integrated circuit. 

23. The integrated circuit of claim 1 8 wherein said first test circuit further comprises 
a plurality of elements connected by a plurality of traces, said pluralitj^f traces being as short 
as possible. 



24. The integrated circuit of claim 18 wherein the plurality of traces of said second 
test circuit are routed to test a specific component within said core logic area. 



25. The integrated circuit of claim 18 wherein said first test circuit, said second test 
circuit, and said third test circuit receive power fi^om an^temal power supply. 
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26. The integrated circuit of claim 18 wherein said integrated circuit includes a 
memory device. 

27. A combination, comprisin 
an integrated circuit; and 
a testing system comprising: 



Q a signal generator; 




a plurality of ring osciHmors responsive to said signal generator; and 
a signal analyzer responsive to said plurality of ring oscillators for 
dynamically measuring the effects of noise and cross-talk on said integrated 



circuit. 
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28. The combination'of claim 27 wherein said integrated circuit further comprises a 
core logic area and a reserved area, said core logic area having a plurality of components 
located therein, said reserved area having a plurality of peripheral circuits located therein. 



29. The combination of claim 28 wherein said plurality of ring oscillators includes a 
first ring oscillator coi^tructed to mimic a data path within said integrated circuit, a second 



ring oscillator constructed with traces routed within said core logic area, a third ring oscillator 
randomly placed within said core logic area, and a fourth ring oscillator constructed to mimic 
a data path within said integrated circuit, said fourth ring oscillator sharing a power source 
with at least one of said plurality of components within said core logic area. 
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30. The combination of claim 27 wherein said signal generator is 
at least one of a 'clr' signal and a 'run' signal. 




ble to produce 



31 . The combination of claim 27 wherein at least one of said iclr' signal and said 
'run' signal are applied to at least one of said plurality of ring oscilMors. 



32. The combination of claim 27 wherein said testing system is operable to 
determine at least one of an operating reference signal of saidnntegrated circuit, a substrate 
coupling effect on said integrated circuit, a cross-talk effec^on said integrated circuit, the 
accuracy of an interconnect capacitance extraction valu^^ effect of system noise on the 
operational speed of said integrated circuit, a maximum degradation expected for a logic path 
within said integrated circuit, and an effect of powe^upply noise on a signal propagation 
delay within said integrated circuit. 



33. The combination of claim 27 wherein said integrated circuit includes a memory 



device. 



34. A method for dynamicaj 
integrated circuit having a core logii 
measuring an inactive operal 




r effects of signal noise and cross-talk on an 
aethod comprising: 
; frequency for each of a plurality of test circuits; 



measuring an active operating frequency for each of a plurality of test circuits; and 
analyzing said plurahty of inactive operating frequencies and said plurality of active 
operating frequencies to determj/e the effects of signal noise and cross-talk on said integrated 



circuit. 



35. The method of|claim 34 wherein measuring said inactive operating frequency for 
each of a plurality of test dfrcuits step further comprises: 
deactivating saidfmtegrated circuit; 

counting the number of oscillations of a first test circuit having a first ring oscillator, 
said first ring oscillatoJ'^constructed to mimic a data path within said integrated circuit; 

counting the mimber of oscillations of a second test circuit having a second ring 
oscillator constructe(yto have traces routed within said core logic area; 

counting th^umber of oscillations of a third test circuit having a third ring oscillator 
constructed to have llurality of cells randomly located within said core logic area; and 
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counting the number of oscillations of a fourth test circuit having a fourt^ing 
oscillator, constructed to mimic a data path within said integrated circuit, saicyourth ring 
oscillator sharing a power source with said core logic area. 

36. The method of claim 34 wherein measuring said active operating frequency for 
each of a plurality of test circuits step further comprises: 

activating said integrated circuit; 

counting the number of oscillations of a first test cir(^t having a first ring oscillator, 
said first ring oscillator constructed to mimic a data path \^hin said integrated circuit; 

counting the number of oscillations of a second^t circuit having a second ring 
oscillator constructed to have traces routed within said core logic area; 

counting the number of oscillations of a thirdHest circuit having a third ring oscillator 



constructed to have plurality of cells randomly looted within said core logic area; and 
counting the number of oscillations of fourth test circuit having a fourth ring 
oscillator, constructed to mimic a data path v^in said integrated circuit, said fourth ring 
oscillator sharing a power source with s^ core logic area. 



37. The method of claim 34 ^^^in said analyzing step further comprises at least 

one of: 

comparing an inactive oscilla^^ count of a second test circuit to an operating 
reference signal to determine the ^curacy of an interconnect c^acitance extraction value, 
said operating reference signal being equal to an inactive oscillation count of a first test 
circuit; / 

comparing an inactive oscillation count of a third test circuit to said operating 
reference signal to detenii}ne a maximum degradation for a logic path within said integrated 
circuit; 

comparing an inactive oscillation count of a fourth test circuit to said operating 
reference signal to d|Cmiine an effect of power supply noise on a propagation delay within 
said integrated circuit; 

comparing an active oscillation count of said first test circuit to said operating 
reference signal to determine an effect of substrate-noise-coupling on said integrated circuit; 

comparing an active oscillation count of said second test circuit to said inactive 
oscillation co^t of said second circuit to determine an effect of cross-talk on a delay of said 
integrated circuit; and 



cir^] 
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comparing an active oscillation count of said third test circuit to said inao^e 
oscillation count of said third circuit to determine an effect of system noise on^ operational 
speed of said integrated circuit. 

38. A method comprising: 

measuring an inactive operating frequency of a first test circuit, said first test circuit 
having a first plurality of elements connected by a first plurality o/traces, said first test circuit 
being constructed to mimic a data path within said core logic ar^, said inactive operating 
frequency representing an operating reference signal; 

measuring an inactive operating frequency of a secdhd test circuit, said second test 
circuit having a second plurality of elements connected by a second plurality of traces, said 
second plurality of traces being routed within said core^gic area; 

measuring an inactive operating frequency o^ third test circuit, said third test circuit 

having a third plurality of elements connected by ^(hird plurality of traces, said third plurality 

of elements being randomly located within said cpre logic area; and 

/ 

measuring an inactive operating frequency of a fourth test circuit, said fourth test 

circuit having a fourth plurality of elements connected by a fourth plurality of traces, said 

# / 

fourth test circuit being constructed tOTmimic a data^path within said core logic area, said 



M- fourth test circuit sharing a power so^ce ^ith a^ast one of said plurality of components 

within said core logic area. 



39. The method of claim 38mirther comprising: 

determining the accuracy of an interconnect capacitance extraction value by 
comparing said inactive operating^requency of said second test circuit to said operating 
reference signal. 



40. The method of claim 38 further comprising: 

determining a maximimi degradation for a logic path within said integrated circuit by 
comparing the inactive opiating frequency of said third test circuit to said operating 
reference signal. 



41 . The meth^a of claim 38 further comprising: 

determining an effect of power supply noise on a propagation delay within said 



integrated circuit by cbmparing the inactive operating frequency of said fourth test circuit to 
said operating refer^ce signal. 
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42. The method of claim 38 further comprisin" 
measuring an active operating frequency of saicfsfirst test circuit; 
measuring an active operating frequency of said sefeond test circuit; 
measuring an active operating frequency of said third^test circuit; ; 
measuring an active operating frequency of said fourth i^st circujr 

43. The method of claim 42 further comprising: 

determining an effect of substrate -noise-coupHng on said^ntegrated circuit by 
comparing the active operating frequency of said first test circyit to said operating reference 
signal 




44. The method of claim 42 fiirther comprising 

determining an effect of cross-talk on a dela^within said integrated circuit by 
comparing the active operating frequency of said second test circuit to the inactive operating 
frequency of said second circuit. 
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45. The method of claim 42 further comprising: 

determining an effect of system nmse on an operational speed of said integrated 
circuit by comparing the active operating)^^^ency of said third test circuit to the inactive 
operating frequency of said third circuit 




46. The method of claim 4^w|e jmn sai^&st test circuit includes a first ring 
oscillator, said first ring oscillator havii^efiNeaK one of a logic gate and an inverter, wherein 
the step of measuring an inactive operating frequency of a first test circuit and the step of 

n 

measuring an active operating frequency of a first test circuit further comprise: 
resetting a divider; j 

activating said first ring oscillator, an output of said activated first ring oscillator 
changing states; 

counting the numbe^of times said activated first ring oscillator changes states with 
said divider; and 

deactivating the riifg oscillator after a first predetermined time period has expired. 



47. The method cu claim 42 wherein said second test circuit includes a second ring 
oscillator, said second ring oscillator having at least one of a logic gate and an inverter, 
wherein the step of measuSng inactive operating frequency of a second test circuit and the 
step of measuring an activopperating frequency of a second test circuit further comprise: 
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resetting a divider; 

activating said second ring oscillator, an output of said activated secon^ng 
oscillator changing states; 

counting the number of times said activated second ring oscillato^Sianges states with 
said divider; and 

deactivating the second ring oscillator after a second predete^ned time period has 
expired; and 
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48. The method of claim 42 wherein said third test circuit includes a third ring 
oscillator, said third ring oscillator having at least one of a logic gate and an inverter, wherein 
the step of measuring inactive operating frequency of a third test circuit and the step of 
measuring an active operating frequency of a third test ci^uit fiirther comprise: 
P resetting a divider; ^ 

rf activating said third ring oscillator, an output of said activated third ring oscillator 

changing states; 

^ counting the number of times said activated third ring oscillator changes states with 

m said divider; and 

f deactivating the third ring oscill^or^after a thir^redetennined time period has 

f»l expired. 




49. The method of claim 42 wh^rmn said fourth test circuit includes a fourth ring 
oscillator, said fourth ring oscillatoyiaving at least one of a logic gate, an inverter and a 
divider, wherein the step of measuring inactive operating frequency of a fourth test circuit and 
the step of measuring an active Derating frequency of a fourth test circuit further comprise: 

resetting a divider; / 

activating said fourthfing oscillator, an output of said activated fourth ring oscillator 
changing states; / 

counting the number of times said activated fourth ring oscillator changes states with 
said divider; and / 

deactivating the fourth ring oscillator after a fourth predetermined time period has 

expired. 

50. The method of claims 46, 47, 48, and 49 wherein said first, second, third, and 
fourth predetermi^d time periods are equal. 
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5 1 . An integrated circuit testing apparatus, comprising at least two of the following 
circuits: \ 

a first test circuit operablo^to produce a first signal for determining at least one of an 
operating reference signal and a substrate coupling effect on a plurality of components within 
an integrated circuit; \ 

a second test circuit operable tp produce a second signal for determining at least one 
of a cross-talk effect on said plurality oJ^components and the accuracy of an interconnect 
capacitance extraction value; \ 

a third test circuit operable to produce a third signal for determining at least one of an 
effect of system noise on the operational speed of said plurality of components and a 
maximum degradation expected for a logic path between said plurality of components; and 

a fourth test circuit operable to produce^^a fourth signal for determining an effect of 
power supply noise on a signal propagation delay within said plurality of components. 
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